As healthcare turns its focus to preventative community-based interventions, there is increasing interest in using in-home technology to support this goal. This study evaluates the design and use of socially assistive robots (SARs) and sensors as in-home therapeutic support for older adults with depression. The seal-like SAR Paro, along with onboard and wearable sensors, was placed in the homes of 10 older adults diagnosed with clinical depression for one month. Design workshops were conducted before and after the in-home implementation with participating older adults and clinical care staff members. Workshops showed older adults and clinicians saw several potential uses for robots and sensors to support in-home depression care. Long-term in-home use of the robot allowed researchers and participants to situate desired robot features in specific practices and experiences of daily life, and some user requests for functionality changed due to extended use. Sensor data showed that participants' attitudes toward and intention to use the robot were strongly correlated with particular Circadian patterns (afternoon and evening) of robot use. Sensor data also showed that those without pets interacted with Paro significantly more than those with pets, and survey data showed they had more positive attitudes toward the SAR. Companionship, while a desired capability, emerged as insufficient to engage many older adults in long-term use of SARs in their home. Keywords: socially assistive robotics, home and social robot design, embedded sensors, depression management and therapy in older adults, human-robot interaction
Introduction
Deployment of physically and socially assistive robots in healthcare is increasing. Previous work has focused on designing such robots to improve the health, functioning, and quality-of-life (QOL) of people with chronic and temporary health issues and to support healthcare personnel in providing care [1] [2] [3] . While the context of use for these robots has often been limited to institutionalized care settings (e.g., nursing homes, hospitals), spurring many evaluation studies in these environments as well as the lab, researchers have recently begun to explore the use of assistive robots in single family homes to provide daily therapeutic support and preventative assistance to patients and caregivers. Initial implementations of assistive robots in homes show promising health benefits, such as addressing loneliness and social isolation using companion robots [4] [5] [6] [7] , providing medication and event reminders [5, 8] , and monitoring and predicting users' health status with sensors accompanying the robot [4, 5, 8] .
Increasing interest in developing robots for use in homes as well as institutions parallels a broader trend in healthcare towards patient-and community-centered care [9] . As healthcare shifts away from the traditional medical model centered on diagnosis and treatment of disease, community-based interventions are becoming more common, with research showing they improve clinical outcomes and reduce health care costs associated with long term institutionalization [10] [11] [12] . This shift underscores the potential for socially assistive robots (SARs) as a health intervention tool within the current healthcare landscape.
The use of robots in home care brings up new questions for the fields of SARs and human-robot interaction (HRI), including whether older adults will accept SARs in their homes, whether and how they will use SARs without clinical supervision, and whether SARs that were beneficial in institutions will have similar effects in homes. In this paper, we seek to understand how SARs might be used in homes to support the care and therapy of older adults with depression. We focus on older adults with depression because of its high incidence rate among older adults [13] , and its correlation with higher rates of institutionalization [14] . Preliminary data suggests that SARs may have therapeutic benefits in this area [2, 3] , including reducing loneliness [15] , improving mood [16] , increasing socialization [17] , and relieving caregiver burden [18] . There are, however, still many open questions regarding the design characteristics and ways of incorporating SARs into home care that would be most useful for assisting older adults with depression.
To address these open questions, we conducted focus groups with older adults diagnosed with major depressive disorder (MDD) and with clinicians and care managers who work with this population, as well as a month-long in-home intervention with these same older adults, to understand their evaluations of existing SAR technologies in use and gather design ideas for future SARs they could use in daily care and therapeutic practice. We particularly focused on the subcategory of companion SARs, as those were most relevant to the concerns older adults with depression had mentioned in previous participatory design studies [19, 20] . Along with appropriate functions of the robot and the robot's fit in people's homes, we also wanted to know how sensors accompanying the robot might be used to support personal and clinical care for older adults with depression. Previous work showed that one of the challenges for potential users participating in robot design activities is their lack of experience with these emerging technologies [21] . To address this issue, we provided older adults with depression with the zoomorphic SAR Paro (Figure 1 ) -a robotic seal often used in eldercare -to use in their homes for one month between initial and final focus groups as a way of providing them with hands-on and contextually situated experience with SARs that could inform their evaluations. Having Paro in the homes of potential users allowed us to learn about emergent practices and interactions people had with companion-type robots. It also gave participants enough long-term experience with the robot to provide additional insights in the final focus group on what they found desirable and what they wanted to amend. Additionally, we gauged people's perceptions of having data about their interactions collected via sensors onboard the robot and made available to them and others (e.g., therapists, family) as an additional intervention mechanism and explored the potential use of such sensors in the course of depression care and therapy.
The first contribution of our work is in executing a long-term, real-world study that uses a healthcare robot in the home environment, suggesting that use of such agents for preventative in-home healthcare may be possible. Second, there have been no studies of in-home use with individuals who have MDD (depression) as their primary diagnosis, and our paper illustrates the ways in which the design and use of SARs for this population should be situated in their daily concerns. Third, while there has been a lot written on the use of sensors for healthcare, our work provides insights into how data from sensors onboard SARs correspond to self-reported use, and how sensors could enable SAR behavior adaptation in a clinically meaningful manner [7] . Our study shows the value of extended experience with emerging technologies like SARs for informing user contributions to the design of robots, as some design preferences and suggestions changed after in-home use, and both researchers and participants had a clearer idea of how requested robot functionality might be implemented after the study. Lastly, we believe a novel empirical contribution is in determining that, while companionship may be sufficient to inspire continued intention to use SARs for those with mental health issues in institutions, it is not always sufficient to inspire intentions for long-term home use in this population.
Our results are organized as follows: Section 4.1 and 4.2 discuss attitudes toward the robot and SAR design ideas presented by older adults and staff pre-intervention (4.1) and post-intervention (4.2). Section 4.3 connects design ideas to the lived experiences of participants during the intervention. Section 4.4 presents our robot perception survey results and connection with pet ownership, and section 4.5 presents robot use based on sensor data and correlations with intention to use and patterns of interaction.
Background literature 2.1 Depression in older adults
Depression has a high incidence rate (15-20%) among older adults [13] , and commonly precipitates deterioration in individuals' physical and mental health. People with depression are three times less likely to adhere to treatment regimens, and more likely to be readmitted to the hospital than other patients [22] . Per-person cost of healthcare for older adults with depression is accordingly 47-200% higher than their counterparts without depression [23] . 47 .5% of older adults with depression are also diagnosed with anxiety [24] . A major component of depression in older adults is the lack of social interaction, combined with chronic loneliness [25] . Pet ownership has been associated with decreased depression among women and single individuals [26] . Treatment for depression is commonly performed through clinical visits and medication, but can also include supplemental treatments such as animal-assisted therapy, which has been found to decrease symptoms of depression in institutions [27] .
Use of SARs with individuals with depression
There is limited research examining the effects of SARs on depression. Our mental health survey results from this research project, reported in Bennett et al. [4] , showed a reduction in depression in older adults, but failed to find an improvement in loneliness or functioning. Where other research is available, it has looked at therapeutic effects on depression in individuals with dementia. Wada [17] found improved overall mood and lowered depression scores, as measured by the Geriatric Depression Scale (GDS), after a one-year deployment of Paro at a care facility. In a 12-week study at a retirement home, Robinson, et al. [15] found no significant differences in GDS scores between intervention and control groups after adjusting for baseline scores, but did find that individuals' loneliness was significantly reduced in the intervention group when compared to control. There is some evidence that SARs do decrease loneliness and improve social connections, mood, and health among older adults [2, 28] . Paro has been one of the main robots used in studies showing these positive effects. Prior work on designing robots for older adults with mental health issues suggests that it may be appropriate to use robot companions in lieu of pet therapy [29, 30] . Pet therapy has had success as a treatment for older adults with depression [31, 32] , but pets require a high level of care that mental and physical issues sometimes prevent. In prior participatory design studies with older adults with depression, several participants lost access to their pets during the study due to deteriorating health [15] . Money needed to care for pets may also make it difficult, if not impossible, for low income individuals to own animals. Additionally, not all residences allow pets, and there may be allergy concerns.
Though counselling services are often available for individuals with depression, meetings with clinical staff typically occur every one or more weeks, leaving ample opportunities for supplemental intervention. Also, though medication is efficacious for many adults, there is often additional benefit from receiving concurrent treatments [33, 34] . This makes the use of robots and accompanying sensors to monitor and provide appropriate personalized interactions for older adults potentially advantageous.
SARs in the homes of older adults
Several studies on the therapeutic use of SARs have evaluated their effects on the mental and physical health of older adults in institutions [35, 36] , but few have focused on SARs in single family homes. This is an important distinction, however, as people have more freedom to interact as they like with personal robots in the home than they would in institutional contexts. They may also form tighter bonds with robots in their home, seeing the robot as their companion rather than a shared artifact.
One of the few studies of long-term in-home SAR use by older adults was by Liang et al. [37] . They conducted a six-week in-home intervention with Paro, coupled with institutional use, for dementia patients. Participants who had less severe dementia symptoms benefitted the most from Paro's use in this case. Additional studies have probed how other robots might support the health of older adults in the home. Coradeschi et al. [38] used GiraffPlus, a telepresence robot, to facilitate in-home communications between patients and care providers. As a supporting feature, they allowed friends and family members to interact with older adults through the GiraffPlus system. Another robot, Care-O-Bot II, was used to provide physical assistance, as it supported walking and item handling by older adults [39] . Therefore, both socially and physically assistive robots have found their way into the home.
With older adults' desire to "age in place", more studies are necessary to determine how to accomplish this goal, including using new technologies. The present study is the first to use SARs in the homes of persons with clinical depression as a primary diagnosis, with special emphasis on how robots should be designed to maximize utility for this population.
Sensors in in-home healthcare
There is extensive literature on the use of environmental and wearable sensors to track the health status and behavior of older adults [40] [41] [42] . In the case of older adults with depression, for example, motion density maps based on passive infrared sensors placed in users' homes have been shown to correlate with health assessment scores [43] . Sensors that can alert caregivers to distress (such as a sudden blood pressure drop or changes in behavioral patterns via activity monitoring) have also been placed in the homes of independently living older adults [44] . Activity monitoring in this case was done via infrared sensors around the home, allowing older adults to maintain some independence and privacy, with caregivers getting alerts only when necessary. There is less knowledge on how sensors onboard SARs can be used to collect clinically useful data, or how environmental and wearable sensors can enable SAR behavior adaptation in a clinically meaningful manner [5, 8, 45] .
The use of social robots in the home brings about unique concerns over user privacy and questions about data sharing, as robots may have many sensors that are required for their functioning and collect information about people's behaviors in an intimate space. People who have developed privacy-enhancing behaviors in the presence of more overt sensors may be less aware of or concerned about possible privacy infractions by technologies designed as social entities, whose social presence may obscure the identity of the people receiving the data [46] . On the other hand, this fact might make sensors onboard SARs particularly useful, as patients might not attempt to actively obscure their behavior.
Methods

Participants
Participant recruitment took place in a midwestern city in collaboration with a local outpatient mental health clinic. The recruitment criteria for older adults specified participants should be over 55, live independently in their own homes, have an active depressive disorder diagnosis, and present with a co-occurring physical illness. We recruited participants who were over 55, instead of 65, as people with depression show cognitive signs of aging earlier than those without depression [47] . Those who had also been diagnosed with psychosis (e.g., schizophrenia) or dementia were not eligible for the study.
In total, 10 older adults were recruited. They ranged from 56 to 67 years old, with an average age of 62.8 years. While recruitment of both male and female participants was attempted, no males volunteered for this study; therefore, all participants were female. This might be due to the larger overall incidence of depression in the female population [48, 49] , or to females' greater willingness to interact with companion robots [50] .
The lifestyles of older adult participants were diverse (see Table 1 ). Several lived alone, while others lived with significant others, roommates, or children. Some had pets. Their access to social support also varied widely. They had different secondary diagnoses, including anxiety and physical ailments. All older adults were low-income, perhaps due to the location or method of recruitment, and all but one (P10) were unemployed.
Additionally, 4 male and 4 female clinicians were recruited from the same local outpatient mental health facility. They worked in diverse healthcare roles, including care coordinator, therapist, and crisis worker. All had worked with our target population of older adults over 55 years of age, who were living independently and had been diagnosed with MDD.
Study design
The study consisted of initial focus groups with older adults and staff, a SAR in-home deployment, and concluding focus groups. Participants were instructed on how to turn the robot on and off and use it safely, but were free to choose how and when to interact, except they were asked not to sleep with it (for safety reasons) and to not take it out of the home (to help prevent loss and damage). At the commencement and conclusion of the study, researchers administered self-report surveys to gauge participants' mental health and wellbeing (i.e., PHQ-9 5 , WHOQOL-BREF (WHO, 2004) 6 , UCLA loneliness scale 7 , OQ-45) as well as two robot perception surveys (i.e., Almere, Godspeed) [51, 52] . We used a slightly modified version of the Almere by removing four questions (e.g., pertaining to the robot being human-like) that did not make sense in the context of our study. Three of these questionnaires were also administered weekly (PHQ-9, WHO, UCLA loneliness scale). These provided data on participants' changing mental and physical health status, their interactions with the robot, and their experience using SARs. Our aggregate mental health questionnaire results presented in Bennett et al showed that Paro may alleviate symptoms of depression as measured by the PHQ-9 when used as a supplement to existing treatment [4] . Weekly semi-structured in-home interviews were also conducted to learn more about participants' activities. A daily five-minute phone call with participants was attempted to note changes in their mental and physical health, and interactions with Paro (though participants did not always take the call). Data from sensors in Paro's collar (ambient light and sound, accelerometer) tracked participants' interactions with and around the robot, while Jawbone activity trackers collected data on their sleep and physical activity levels for the duration of the in-home study. Sensor data results, also reported in Bennett et al [4] , showed that changes in depression status could be predicted with 74% 5 http://www.phqscreeners.com/sites/g/files/g10016261/f/201412/PHQ-9_English.pdf 6 http://www.who.int/substance_abuse/research_tools/en/english_whoqol.pdf Following Paro's removal from their homes, participants were invited to a final focus group to discuss their experience, thoughts on SARs usefulness in their life, Paro's form and features, further design ideas that might extend beyond Paro's capabilities, how the sensor data might be useful to them, and any privacy concerns related to having sensors in the home or sharing the collected data. Focus groups were conducted with two to three participants in each. Seven of the ten participants who completed the in-home study attended a session. Of the three participants who did not attend, one had scheduling conflicts, and the other two were unresponsive to our repeated attempts to reach them. Based on our experience recruiting for this project, speaking with clinicians, and working with depressed older adults more generally, it is not uncommon for members of this population to experience fluctuations in depression and become unreachable when their depression worsens.
Clinical care staff
Pre-intervention focus groups with staff
The focus groups were conducted in two sessions, one with 6 staff members and the other with 2. Participants were introduced to Paro through video 3 and in person. They were also shown various sensor cards, depicting sensors that could be used in robots and briefly describing their function [53] . Researchers asked staff if they foresaw any benefits or issues with its use by older adults with depression, questioned them as to whether and how they would incorporate Paro into their practice, and facilitated discussions about sensors and their potential use in treatment. 
Older adults
Pre-intervention focus groups
The two initial focus groups were conducted with three to six older adults participating in each. The purpose of the first focus group was to introduce participants to several SARs (Mabu¹, Jibo², Paro³ and Buddy⁴) through videos and to get their initial feedback on such robots through group discussion. Participants discussed various features of the SARs and whether and how they thought SARs could be useful in their lives. Additionally, they were able to interact with Paro in person during the workshop. Participants were asked to comment on how they thought Paro worked (e.g., which sensors it had and how it responded) and were encouraged to share their thoughts on what it might be like to have Paro in their homes. The second focus group was conducted to gauge participants' reactions to sensors that would be used with Paro during the study. These included sensors embedded in a 3D printed collar worn by Paro and a Jawbone activity tracker worn by participants. The sensor collar was designed to collect data on ambient light, ambient sound, and interaction with the robot, while the Jawbone collected sleep and activity data. We used a sensor collar as opposed to embedded sensors within the robot, as sensor data collected directly by Paro is proprietary. Participants were given the sensors to examine and were shown visualizations of the types of data the sensors could collect. Researchers asked participants how comfortable they were having these in their home. They also inquired as to whether the information that would be collected by the sensors would be useful to them, and what they thought about giving others access to this information (e.g., therapists, family members).
In-home intervention
After completion of both focus groups, participants were given the Paro robot to use in their homes for four consecutive weeks. We chose Paro as the companion SAR because there is previous evidence that it can help alleviate loneliness and improve mood among older adults [15] , it is FDA approved as a biomedical feedback device, and it is a commercial device that is easy to use and technically robust, making breakdowns less likely. Older adults with depression in previous participatory design studies also showed a clear preference for using Paro in their homes [20] . Participants were instructed on how to turn the robot on and off and use it safely, but were free to choose how and when to interact, except they were asked not to sleep with it (for safety reasons) and to not take it out of the home (to help prevent loss and damage). At the commencement and conclusion of the study, researchers administered self-report surveys to gauge participants' mental health and wellbeing (i.e., PHQ-9⁵, WHOQOL-BREF (WHO, 2004)⁶, UCLA loneliness scale⁷, OQ-45) as well as two robot perception surveys (i.e., Almere, Godspeed) [51, 52] . We used a slightly modified version of the Almere by removing four questions (e.g., pertaining to the robot being human-like) that did not make sense in the context of our study. Three of these questionnaires were also administered weekly (PHQ-9, WHO, UCLA loneliness scale). These provided data on participants' changing mental and physical health status, their interactions with the robot, and their experience using SARs. Our aggregate mental health questionnaire results presented in Bennett et al showed that Paro may alleviate symptoms of depression as measured by the PHQ-9 when used as a supplement to existing treatment [4] . Weekly semi-structured in-home interviews were also conducted to learn more about participants' activities. A daily five-minute phone call with participants was attempted to note changes in their mental and physical health, and interactions with Paro (though participants did not always take the call). Data from sensors in Paro's collar (ambient light and sound, accelerometer) tracked participants' interactions with and around the robot, while Jawbone activity trackers collected data on their sleep and physical activity levels for the duration of the in-home study. Sensor data results, also reported in Bennett et al [4] , showed that changes in depression status could be predicted with~74% accuracy. Participants continued their previously prescribed treatments during the intervention.
Post-intervention focus group with older adults
Following Paro's removal from their homes, participants were invited to a final focus group to discuss their experience, thoughts on SARs usefulness in their life, Paro's form and features, further design ideas that might extend beyond Paro's capabilities, how the sensor data might be useful to them, and any privacy concerns related to having sensors in the home or sharing the collected data. Focus groups were conducted with two to three participants in each. Seven of the ten participants who completed the inhome study attended a session. Of the three participants who did not attend, one had scheduling conflicts, and the other two were unresponsive to our repeated attempts to reach them. Based on our experience recruiting for this project, speaking with clinicians, and working with depressed older adults more generally, it is not uncommon for members of this population to experience fluctuations in depression and become unreachable when their depression worsens.
Clinical care staff
Pre-intervention focus groups with staff
The focus groups were conducted in two sessions, one with 6 staff members and the other with 2. Participants were introduced to Paro through video [? ] and in person. They were also shown various sensor cards, depicting sensors that could be used in robots and briefly describing their function [53] . Researchers asked staff if they foresaw any benefits or issues with its use by older adults with depression, questioned them as to whether and how they would incorporate Paro into their practice, and facilitated discussions about sensors and their potential use in treatment.
Post-intervention focus groups with staff
After the final focus group with older adults, a concluding focus group was conducted with five out of the original eight staff members. This served as a debriefing of what happened when older adults had Paro in the home. Therefore, anonymized sensor data from the collar and activity tracker were shared as well as ways in which participants engaged with Paro. Staff commented on how they might want to see and use this information to support patient care, both as information to discuss during therapy sessions and by using the sensor data to have SARs adapt their behavior to the patient's conditions and needs. Information on additional sensor data staff wanted to have was also collected, in addition to capabilities they would want to see in a SAR for older adults with depression.
Data analysis
Focus group data
An inductive approach to thematic analysis was performed in order to code the data and identify emergent themes. For focus groups with older adults, a total of 443 codes were created after line-by-line coding of the data. These included codes pertaining to what participants liked and wanted to change about Paro, what they wanted in a social robot more generally and their feelings post-study, whether they wanted access to sensor data and what they would like to use it for, and their feelings on sensor data sharing. 15% of this data was randomly selected and coded by a second researcher. The pooled kappa was 0.70. For staff, a total of 646 codes were applied after line-by-line coding. They were then categorized into 92 different code types and divided into 9 themes. The three most common themes were: a) using sensors to enable the robot to respond based on older adults' health, b) using sensor data to monitor mental health and inform therapy, and c) using sensors for more general health monitoring, such as sleep and smoke detection.
In-home interview data
Deductive and inductive approaches to coding were coupled to thematically analyze the data collected through telephone calls and interviews in participant homes. This allowed coding of concepts of pre-established importance as well as recurring themes that naturally arose from the data. In the end, 22 codes were created. This included codes for physical affection toward Paro, anthropomorphization, positive and negative emotional changes (due to Paro), and positive and negative interactions with other people. To check interrater reliability, 20% of the data was randomly selected and coded by a second researcher. Discrepancies were discussed. Cohen's kappa ranged from 0.74-1.0 for the 22 codes.
Sensor data
Sensor data was modeled to test its utility for predicting participant attitude changes over time, as measured by the Almere scale. This differs from previous work, where we focused on using sensor data to predict changes in clinical scores [7] . Sensor data (described in section 3.2.1.2) from the robot collar and the wearable Jawbone were utilized, along with baseline outcome measures (to control for differences in participant functioning and symptom levels prior to intervention).
The first step of this modelling entailed a sensor fusion process. Data was first thresholded using a low-pass filter to remove noise from the signal. For example, this excluded small vibrations from the accelerometer (motion) data. Positive detection of various signal modalities (motion, light, sound) was then calculated using the average across a 30-frame moving window (i.e., approximately 3-seconds) to minimize false positives [54, 55] . Next, interaction activity was identified by the presence of multiple positive sensor modalities at any given timepoint. Finally, the fused sensor data was aggregated temporally (hourly, daily, weekly) to look for circadian rhythm patterns of human-robot interaction.
After the sensor fusion step, data was modeled in two ways. First, we ran a basic correlational analysis between all the variables. Second, the data was run through a machine learning analysis via the Python Scikit package (version 0.20.2, https://scikit-learn.org) and WEKA [56] , attempting to predict the change in the Almere attitude scores pre vs. post intervention. Modeling methods included Random Forests, Neural Networks, Gradient Boosting, and Support Vector Machines [57] , which were evaluated using 3-fold cross validation (given the limited sample size). Feature selection was also conducted to identify features most highly related to attitude changes, using the Relief-F algorithm [58] .
Results
SARs and sensors -attitude and design
ideas prior to home use
Older adults
SARs
Participants' initial perceptions of Paro were captured during the first focus group, which was conducted prior to participants' in-home use of the robot. Six out of ten participants [P1, P2, P6, P8, P9, P10] immediately took to Paro and exhibited excitement to have it in their homes, as shown in the following quotes.
"I have a little stuffed bear that I keep on my bed. And he doesn't respond to me, so I was thinking that would be kind of nice to have that!. . . I was thinking, if I could have one of those I think I would probably like to have one!" (P8) "I'd carry that thing everywhere. . . Oh, I think it's awesome. I love it. . . . I'm excited. I am, I'm excited. . . I wouldn't change a thing. Because it's already doing most of what some people don't even have. And you get something like that and it's new and that's a friend forever." (P1) "I'm looking forward to having one to take home with me too. We're just really excited about getting our little seal." (P6)
The remaining four participants either expressed negative [P3, P4] or neutral [P5, P7] sentiment toward using Paro. Specifically, P3 and P4 did not see any personal value to using Paro, stating that it was not for them.
"I still have dogs so I don't know, it'd be quite a jump for me to go from a dog to a robot." (P3) "Would I want one? Not particularly. Maybe later, at some point. But right now, no." (P4)
Though only six participants saw Paro as potentially benefitting them, almost all participants (8/10) wanted a home robot of some sort. All eight mentioned they would want it to offer reminders -for example, for appointments, taking medication, and to eat and exercise. Using the robot to contact the hospital or a designated contact in medical emergencies was requested second most often (N=6), and participants wanted the robot to learn and change its behavior to suit their needs and the context (N=4). 4 out of the 10 participants also spoke about their need for the robot to offer companionship. An ability to communicate (verbally or nonverbally) (N=4), be versatile and customizable (N=6), and function as a security system (N=5) were also in high demand.
Participants did have concerns about using, or their ability to use, home robots. Their prime concerns included the robot being too technically challenging for them to use (N=3), high cost (N=4), privacy and hackability of the technology (N=6), and competing desired usage between users (N=4). Concerns about Paro specifically were similar to those about home robots in general (though they felt confident in their ability to use it). Though their discussions about Paro were mostly positive, they mentioned wanting to change its form to something more familiar (cat, dog, or stuffed animal) (N=2) and one person expressed worries about it being white, as it might get dirty.
Sensors and sensor data
Most of the older adults were willing to share sensor data with medical staff and family (N=7). Fewer agreed with sharing data with a third party robot developer (N=2). They wanted to be able to control who saw their data, but saw data sharing overall as a positive feature. They also wanted access to their own data, mainly to track their sleep, changes in their motivation, and calorie consumption.
Clinical care staff
SARs
Staff were positive about the potential for using Paro to assist in treatment and care of certain populations, mainly older adults and those with dementia, both in and out of nursing homes. They particularly saw it as beneficial for those with depression and other emotional issues, such as anxiety and PTSD (N=3).
"[A lot of our patients] live where they can't own a pet [and they] would really love to own [one], so I'm like you could get a fish, but they want a dog or a cat. They just can't where they're at, and so I think that they would probably enjoy it." (Staff 2) "Just the sensory deprivation that comes with isolation, being able to interact with something that kind of resembles another living creature." (Staff 1) Staff's suggestions for home robot features for older adults with depression focused on four areas: increasing interaction and socialization, user recognition and personalization, sensor customization, and communication to an appropriate contact (hospital, police, designated contact) when individuals were in mental or physical danger. They wanted sensors to be able to identify the user's behavioral patterns and emotions, and to be customizable for each client. These ideas related to goals therapists had for clients, including increasing socialization, increasing hygiene and personal care during low periods, increasing exercise and movement, developing coping skills, establishing a routine, and remembering to take medications.
Though staff liked Paro overall, they saw several ways it could be improved for their patients. As previously mentioned, they wanted to be able to customize the robot's response and sensors based on patients' needs (N=7). Like older adults, they also wanted it to be a more familiar animal, either a cat or a dog (N=3). They wanted to be able to prompt older adults into interacting with the robot, and for the robot to prompt older adults into interacting with other people. They found it useful that the collar designed to accompany Paro sensed light, because individuals experiencing high levels of depression often keep their homes darker, and wondered if Paro could be solar powered, which would prompt users to go outside. Some wanted Paro to require care (N=2), reasoning that it would give persons with depression a sense of purpose and be helpful in spurring people to action when they were emotionally low. Furthermore, since sleep is often jeopardized in this population, they thought it valuable if the robot could help patients sleep, potentially by playing white noise or helping them with relaxation techniques, and if sensor data could report to patients and therapists how well individuals slept.
Like older adults, cost was staff's top concern surrounding long-term use of robots, such as Paro, in the home. They also expressed organizational concerns if they were to adopt them into practice, worrying about liability issues for their center and individual therapists that might arise with its use as well as damage to the robot. Despite these potential drawbacks, they expressed a number of ways they could see incorporating robot home use into the care routine for older adults with depression, such as implementing a clinician-controlled check-out (N=2), using it as a reward for patients making progress toward their goals (N=4), using its accompanying sensors to check that patients are meeting their goals (N=5), and using it as a tool to open a dialogue between the therapist and patient (N=4).
Sensors and sensor data
Staff also discussed what kind of information they would want sensors to detect. For example, three staff members mentioned detecting the environment in some way, partic-ularly dust, temperature, or humidity. Home control was also mentioned (i.e., managing temperature or light control). They thought it would be useful if the robot could detect the area around it and offer alerts for emergencies (fire, security) or regular use (someone at the door). These functions were thought to be useful for SARs to be used by their patient population more generally.
More commonly, staff mentioned wanting the robot to be able to identify behavioral patterns (N=7), along with speech patterns and emotions (N=5) via its sensors. They expected this to help with monitoring patients' mental health status. It was noted that these sensors should be customizable for each patient. "Our whole focus here is to treat the individual as a unique set of goals, objectives, and problems. Paro would have to represent that in order for us to effectively use it" (S4).
SARs and sensors -attitude and design ideas after home use
Below we present findings about participants' perceptions of the robot and sensors from interviews with participants during the in-home intervention, post-intervention participant workshops, and post-intervention workshops with staff. 7 out of 10 of the original older adults and 5 out of 8 of the original staff attended the final workshops.
Older adults
SARs
Five out of ten participants remained constant in their original attitudes toward Paro during the course of the in-home intervention, as expressed in the initial focus groups. P2, P6, P9, and P10 continued to display positive feelings about Paro that grew during the course of the study. In contrast, P4 remained uninterested, believing that Paro was not necessary for her and expressing at the final workshop, "I really didn't miss him". However, some participants' attitudes toward the robot changed dramatically from their first encounter. P5 and P7, who did not express specific attitudes toward Paro to begin with, both ended up becoming enamored with it. "I'm usually telling her what a good girl she is and what a pretty girl she is. And I tell her I love her." (P5) P3 had a near immediate attitude change after Paro had been in her home for the first week. She began to display emotional attachment toward the robot, and discussed early on that she would miss it when it was gone.
She also said it comforted her in times of stress. During the final focus group, which occurred months after the intervention for this participant, she continued to exhibit attachment and iterated that she still missed Paro. Her attitude about having Paro in her home before the study, which was quite negative, transformed once Paro became a member of her household.
P1 was the opposite case, going from a positive to a predominantly negative view of having Paro in her home. "It's like a dog. . . . I don't really want to keep the dog, but I don't want to take him to the pound and have him put down neither. So it's a lot of responsibility." (P1) P8's attitude toward Paro also changed, but this change did not occur while Paro was in her home. It was only after Paro's removal that she began to think Paro wasn't that special -it was no different from her stuffed "talking" bear Koda (which says "I'm Koda", "I like climbing trees", etc. when you press its ear) that she had had for years.
As far as the robot's design, in the final workshop many participants still wanted Paro to be in the form of a dog or cat and for it not be white, as they had expressed in the initial focus groups. Other design ideas emerged only after in-home use of the robot. For example, two participants wanted a robot with a more versatile form, so it could either be set to sit or stand, and for it to be more moldable, so it could wrap around their body more comfortably.
As opposed to participants' initial desire to enable multi-person usage in the initial focus group, there was a shift to users viewing Paro as theirs. They wanted to maintain control over whether others were allowed to interact with it. P10 stated, "when I shared him with my husband it was me sharing him." P3 echoed this sense of protectiveness and ownership over Paro. Both participants (N=5) and staff (N=4) had mentioned detecting dust, temperature, humidity, pressure, and/or home management in the initial workshops, but after implementation these things became less important for both groups. This is probably because other functionality was seen as more important overall but also seemed to be more in-line with the features of a companion type robot.
The ways in which the robot needed to be more customizable for participants also became apparent after they had experience using it in the home. For example, some loved the duration, pitch, and volume of its cries, while another found them too loud, frequent, and shrill. This was enough to eventually prevent one user from turning him on: "After a while I just couldn't listen to him anymore." (P8) Some found its behavior diverse enough to not get bored, but most wanted the robot to learn and change over time. This adaptation was seen as best in response to their idiosyncratic patterns. P3 even wanted the robot to sense her emotions in order to respond appropriately. Even participants who found Paro's behaviors robust enough, still conceded they would probably prefer a robot with the ability to adapt.
While Paro was found to be responsive for the most part, older adults also wanted it to have a motion sensor so it would become active automatically when they entered the room, even if it was off (N=3). This request was in part due to the fact that it only responded to sound and not motion, and in part due to Paro's weak battery life, which meant they were likely to turn it off went not in use. Its battery only lasted for two hours before needing to be recharged, a problem mentioned multiple times by several participants (N=4). They wanted it to last four hours at minimum, with a preference for longer. Having to plug it in constantly was a major impediment to its use, though many older adults still interacted with the SAR while it was charging. It is helpful that newer versions of Paro have a longer battery life of up to eight hours, which addresses this issue.
In line with the particular issues associated with this user group, the companionship that Paro offered was often cited as a favorite feature (N=4). When we asked participants what affected them most during the study, they answered: "Not being alone." (P9) "Yes -yes not being alone. Even though I have a roommate but I felt PARO was more mine, you know?" (P10)
Beyond use as a socialization partner and mediator, users wanted a home robot to be able to offer other functionality (such as contacting someone if they were unwell, use as a security system, and reminders), even if its primary purpose was companionship (N=4). "I think I wasn't as fascinated with him as I was originally. . . I just felt like he needed to have done something else." (P8) "Can you imagine what [Paro] would need to do in order to keep you engaged for longer?" (Researcher) "I wished he could have reminded me of appointments." (P8) "So having some kind of functional use basically other than just being there." (Researcher) "Or some kind of alarm." (P2) "Yeah" (P8)
They did not feel these features would interfere with its primary function as a companion. Companionship, therefore, may be a necessary but not sufficient function for a robot for long-term home use with many members of this population.
Sensors and sensor data
Only one participant reported being somewhat aware of the sensors in her home gathering data. The others either did not notice or did not care. This is likely in part because the sensors were designed to detect low level information (e.g., if sound was present and at what level, as opposed to recording what was said). The main time participants became cognizant of the sensors in the collar was when they had to swap the batteries, which they had difficulty doing, as the device could be finicky and the batteries needed to be changed every few days. Three participants also had issues putting on and taking off the Jawbone fitness tracker, and participants often forgot to wear it. Therefore, we found that wearable sensors were not a good way to incorporate sensor technology long-term for this population, and that sensors should either be onboard the robot or located in their external environment, with minimal maintenance required by users.
Participants (N=5) were willing to share their data with third party robot developers to improve their in-home experience, though one person was opposed. This presents a shift from attitudes expressed at the initial focus groups, where most were uncomfortable with this idea. Three participants actually did not care who got the data, though the others talked about placing restrictions on it. Most wanted a designated contact (e.g., friend, family member) to be able to see their data in an interpretable way. This also supports staff's desire to build a support system between older adults and other people. Four people wanted to share this information with family, and two were opposed. This made sense, as they were close to their families to varying degrees. All participants present (N=7) were fine with their therapists and staff receiving this information.
Five individuals also thought the data would allow them to meaningfully monitor their own habits. They were particularly interested in using sensors to obtain information on their sleeping habits (N=3) and to use it to motivate them to be more active (N=2). Additionally, they were interested in sharing it with clinicians, and using it to help manage their addictions and show they correctly followed recommended use of the robot.
Clinical care staff
SARs
In the final staff workshop, one person wanted older adults to have to do something to actively care for the robot, otherwise they might just be low together. Additionally, the robot actively mirroring the participant was suggested as a way to make the patient more cognizant of their own emotions, given that they were told about this functionality in advance. This might cause them to seek help during particularly low moments or do something to regulate the robot's (and their) emotions. This idea of using a companion robot as a mirroring tool seemed to be popular, with another staff member agreeing that it could even be used to prompt and discuss hygiene. For instance, they might be required to brush Paro before they brush their own hair. As well, therapists could tell how often Paro was groomed and this could lead them to segue into a discussion of participants' own grooming habits while in session. "Sometimes [poor personal hygiene and grooming] is a warning sign." (S3
Sensors and sensor data
In addition to customizing the robot with patients, staff also wanted to be able to customize sensors for each patient. Still, there were some features they saw as being useful for all patients, such as providing sleep data (N=3) and identifying behavioral patterns (N=2). Being able to prompt older adults into interacting with the robot (N=1) and having the ability for others to communicate through the robot (N=1) were also mentioned. They saw this data, if it was presented in a visually and easily interpreted format, as able to feed into therapy in two main ways. First, they thought having the information present would allow them to open a dialogue with patients. "I think more data is good also because it gives clients more opportunity to participate in their treatment; otherwise, they feel like they have to say what they think we want to hear or they just shut down often." (S5) Second, they liked that they could observe changes in patient's activity, prompting intervention or discussion. Related to this, they wanted to set baseline patterns (e.g., sleep, appetite), so anything out of the ordinary would be easily brought to their attention. They felt that this could be used to demonstrate to the patient objectively that they were improving as well.
Connecting design ideas to findings from the in-home intervention
Below we discuss how functionalities requested by participants were relevant to different aspects of older adults' daily lives. Suggestions are also offered for how to implement features when designing home robots for this population.
Companionship
During the in-home intervention, older adult participants described how important companionship was to them, and in many situations, said Paro was able to meet that need when it was lacking. All participants had many moments where they felt lonely, sad, alone, or bored, and described that having Paro around alleviated the intensity of these feelings or made them dissipate altogether.
"He's always something that I can look at and feel good about myself and having him around. Cuz sometimes that helps with sadness." (P2) "Yes. I love the robot. It keeps me company. I feel safe with it." (P7)
Participants were likely able to view Paro as a companion because they endowed him with emotions and likened him to the people and pets around them. Eight of the ten participants named the robot something other than Paro, the name we called it in the focus groups. Having the robot in their homes, a more intimate space where it was viewed as belonging to them, seemed to foster the view of Paro as a friend or family member.
Furthermore, several participants mentioned that Paro increased the frequency with which they interacted with other people, as other people were drawn to ask about Paro or interact with it, starting a conversation. Participants nearly always enjoyed this; however, P1 found it overwhelming at times, which is why she had no desire to take Paro outside her home. "Everyone wants you to constantly turn him on to see what he was doing. . . All that interaction would overwhelm me." (P1) She found it manageable when one person approached her at a time but did not want multiple people approaching. Three participants did take Paro outside the home (even though instructed not to) and enjoyed the additional attention it brought.
P1's interpretation of Paro as animate actually seemed to undercut the relief Paro was meant to provide, as she saw it as a burden. "It's like a dog, too much attention. . . To keep him alive, I have to interact with him." (P1) She expressed that her own dog was too much responsibility as well. For most participants however, viewing Paro as animate, even though they logically knew it was just a robot, was beneficial. Participants often interacted with Paro together with other people and/or their pets, enhancing the role Paro could play in increasing socialization.
The activities people reported performing with Paro were fairly similar. All participants talked to Paro, engaging in small talk or sharing their deeper thoughts and concerns with it. Even participants who had a social network to turn to did this, as they didn't always feel like they could talk to others about their issues, or members of their network where actually the source of their stress. For instance, P10 used Paro to comfort her when she was nervous about her pregnant daughter and her daughter's boyfriend being at her house. Petting Paro (done reflexively or in dealing with stress) was also common. Other types of physical interaction, such as brushing and cuddling it, also occurred but were mentioned to a lesser degree. Participants additionally spent a lot of time interacting with Paro together with other people (N=9) or their pets if they had them (N=4), and also slept with the SAR (N=4). Six participants watched TV with Paro. For some of these participants, this was their primary way of interacting with the SAR.
Participants said the reasons for interacting with Paro were either their perceptions of Paro needing interaction or feeling that they themselves wanted to interact. P9 said, "it's something to do, like babysitting". Her reason for interacting was mainly due to boredom or desiring companionship. On the other hand, P8 would interact often because she felt guilty that Paro wasn't getting enough attention. "[He] looked lonely." In fact, several participants expressed a sense of guilt when they thought they did not engage enough with the robot.
Designing a robot that is lifelike seems to be beneficial in increasing interaction for most older adults. Due to their needs for physical proximity, it is also important that they be able to interact physically with the robot in many ways (e.g., touching, cuddling, holding). This fosters their interpretation of robots as companions, something most older adults with depression are lacking in their lives. Even P1, who was overwhelmed by Paro being in her home, actually experienced a major decrease in depressive symptoms during its use [4] . It is possible that having to care for something else pushed her to be more active, resulting in increased well-being, although it caused her to view the robot itself somewhat negatively. This call to care-taking was mentioned by therapists as being potentially advantageous for their depressive patients.
Though companionship has been suggested in many studies to be important when designing robots for inhome use for older adults [20, 59] , our month-long study also revealed that this was not sufficient for many older adults (even depressive older adults, who are ostensibly more sensitive to the need of companionship) to maintain high levels of interaction long-term (see Figure 2) . Participants' comments suggested that companionship should be combined with more utilitarian role(s) the robot can also serve. This represents divergence from results usually found from institutional use of Paro, where companionship works well when it is the only functionality present. Possible functions, in line with the needs of depressive older adults specifically, and as expressed in focus groups by older adults and clinical staff and reinforced through our in-home implementation, are elucidated below.
Call contact(s) when not well
During the initial workshops, both older adults and clinical care staff mentioned wanting to enable the robot to contact a hospital or designated emergency contact if the owner was not well. Through the in-home study, we found this feature would be well aligned with the daily struggles of participants. Participants' level of depression fluctuated throughout the study, with common slips back into moderate or major depression. While several participants reported that Paro helped them when they experienced symptoms of depression, it was also more difficult for them to voluntarily interact when they slipped into major depression. During these times, it would be good for patients to have an easy lifeline to the outside world. This might be triggered by the patients themselves, or when sensors detect activity that is suggestive of a major depressive episode.
Aside from mental health issues, participants frequently battled physical ailments, including constant and reoccurring issues such as afib, lymphatic system problems, pain, and seizures and temporary sickness from minor flu-like illness to violent illnesses that landed one participant in the emergency room. Allowing participants to easily contact the hospital or a designated contact (possi-bly via a button on the robot), or triggering a call based on concerning changes in sensor activity, could help ensure they get the help they need in a timely manner.
Reminders
Older adults had a number of therapy and doctor's appointments. They took medication for their depression. Many also took medication for some physical issue. As older adults expressed they would benefit from a physical system providing reminders in the initial focus groups, reminders might be an appropriate supplemental function for a home companion robot to provide to this population. This is something that has been found in previous studies with older adults [60, 61] , and seems to be true for depressive older adults as well. Participants kept Paro in the same room with them, so it is possible that a companion SAR could express these reminders verbally (by using a distinct sound or cry) or visually.
Security system
As participants were low-income, some lived in more crime prone areas. This was a major reason why they wanted a security system. P6 even discussed someone having recently stolen things from her as part of the in-home interviews during the intervention. Staff feedback from the focus group echoed this concern, as they mentioned wanting the robot to be able to issue alerts in response to security threats. However, due to older adults' concerns about their own privacy, it is not clear that this should be autonomously implemented as part of a robot meant primarily for companionship, as this would most likely entail use of a camera. If older adults are able to use a button or some other mechanism on the robot to alert authorities in response to perceived danger, this may give them a greater sense of perceived security while also respecting their right to privacy. As participants often moved the robot to the same room they were in, this manual alert system is also in line with current use habits. In addition, the robot should potentially be enabled with location tracking, as this solution relates to participants' worry about the robot's cost and its theft.
Personalization to user
Versatility and customizability of both the robot and sensors were mentioned repeatedly by both older adults and staff in the initial workshops. Due to participants' diverse circumstances, Paro might best support older adults' home life if it could automatically respond to participants in unique ways. For example, about half of our participants lived with other people, some of whom interacted with Paro regularly. This might make it more important for the robot to be able to recognize individuals and respond to them differently.
As well, some participants (P1, P4, P7, and P10) interacted with Paro less throughout the course of the study (see Figure 2) . They said this was because they started finding its interactions more predictable and less interesting. Since Paro seemed to be able to prevent participants from getting sad or help them from spiraling when they experience negative emotions, a home robot meant for this population would need to have more functions or diverse behaviors to keep interaction at moderate levels, or present new behaviors over time to maintain long-term interest and therapeutic benefit. At the conclusion of the focus groups, older adults expressed their willingness to share their data with third party developers for this purpose.
P1 found Paro too demanding, thinking it overwhelming at times, especially when she got "panicky". For her, it may have been better to reduce Paro's attention seeking behaviors, as they caused her anxiety. The ability to lower or turn off Paro's volume would have also been helpful. Even a home robot attempting to spur interaction when it is low may be a function that therapists should have some control over, as this behavior may be helpful for some participants but overwhelming for others.
Personalization may require additional or custom sensors to achieve, with implementation internal or external to the robot. The potential exists to use sensor data to better understand how to optimize the interaction with the user by modulating robotic behavior. This may take the form of increasing the expression of behaviors particularly associated with higher than baseline interaction or by introducing new behaviors when interaction starts to decline.
Sleep aid and tracking
Six participants mentioned trouble sleeping at some point during the study. This is also supported by the number of sleep awakenings captured by our sensor data, with approximately 5 awakenings per week for P5 and P8. These participants also had high nighttime circadian activity, with activity levels at 94.1% and 74.3%, respectively (see Table 3 ). This is indicative of heavy nighttime interaction with Paro (from the hours of 12am to 6am) for these individ- Table 2 : The Almere measures attitude toward, and intention to use, a given robot. Higher scores represent more positive attitudes and greater intention to use. Each question is awarded 1-5 points, depending on respondent's answers to a 5-point Likert scale (from "totally disagree" to "totally agree", with a 3 representing a "don't know" option). The maximum possible score in our modified version is 185. 13 was looking.
pet, so may s. As can be f interaction and P8 had d the most, day. (Table 2 ). However, there Table 2 : The Almere measures attitude toward, and intention to use, a given robot. Higher scores represent more positive attitudes and greater intention to use. Each question is awarded 1-5 points, depending on respondent's answers to a 5-point Likert scale (from "totally disagree" to "totally agree", with a 3 representing a "don't know" option). The maximum possible score in our modified version is 185. Safety uals. Many participants also reported sleeping more than usual when they were depressed. As well, 4 participants (P2, P5, P6, and P10) slept with Paro at night; it is possible that more participants would have done the same had they not been instructed not to. As Paro was often already in their bedrooms, using it as a sleep aid seems in line with current use habits. As mentioned by therapists, sleep can also go hand in hand with depression, so using it to aid in and track sleep could help in patient care. Potentially, the robot could even help in waking participants up and urging them to get out of bed during particularly low days.
Identify behavioral patterns
Participants would often change their routine when they weren't feeling well. As mentioned above, sleep was one area this affected, with participants sleeping longer or not getting out of bed when they were low. This also affected how much they wanted to interact with others and Paro, and led to changes in their regular hygiene habits. "I didn't take care of myself yesterday even. I just had a really hard time getting up and making myself look presentable." (P10) This change in activity level could be a trigger for others to check in on these older adults or for therapists to have a better idea of their patients' emotional states. Table 3 : Sensor captured interaction time and correlation with change in Almere score pre-post in-home deployment of Paro. Activity% is the total percent of time throughout the day our sensors flagged as interaction, based on the processing described in 3.3.3. Morning% is from the hours of 6am to 12pm, afternoon% from 12pm to 6pm, evening from 6pm to 12am, and overnight from 12am to 6am. The activity% column was calculated by averaging daily activity readings, while the other columns were calculated by averaging weekly readings.
*P2 was excluded from analysis as she had incomplete sensor data due to sensor malfunction.
was an even stronger correlation between certain Circadian patterns of interaction and changes in the Almere scale. In particular, people who interacted with Paro more during the afternoon and evening hours had higher increases in Almere score, representing a greater increase in positive attitudes toward Paro and intention to use the robot (see Table 3 ). Additionally, we found that individuals with high levels of overnight use tended to be those with lower levels of baseline functioning as per the OQ45 (correlation = 0.58, p=.094).
In addition to the correlational analysis between Circadian interaction and changes in Almere scores, we also attempted to build a machine learning model to predict changes in Almere scores using various features as described in section 3.3.3. However, we had limited success, due to our small sample size. The RMSE of our predictions was not significantly different from the absolute standard deviation of changes in Almere scores, indicating that our model was performing at nearly chance levels. However, Circadian Rhythm interaction levels were the features identified as most important in this analysis (using the Relief-F algorithm), which supports the results of the correlation analysis. Activity% is the total percent of time throughout the day our sensors flagged as interaction, based on the processing described in 3.3.3. Morning% is from the hours of 6am to 12pm, afternoon% from 12pm to 6pm, evening from 6pm to 12am, and overnight from 12am to 6am. The activity% column was calculated by averaging daily activity readings, while the other columns were calculated by averaging weekly readings.
DISCUSSION
Designing SARs for in-home use
Robot perception survey results
Aggregate level
The Almere measures attitude toward, and intention to use, a given robot (Paro in this case). There were no significant differences pre-post intervention in Almere scores for our participants (see Table 2 ). The Godspeed questionnaire measures robot perception, looking at five distinct categories: animacy, perceived intelligence, anthropomorphism, likeability, and perceived safety. As with the Almere, there was no significant pre-and postintervention difference in scores on the Godspeed questionnaire when using a paired t-test, (p=.776). Further analyses, however, suggest robot perception may be affected by pet ownership.
Pet ownership and robot perception
Since Paro was often likened to a pet, we analyzed whether there were differences in the association between pet ownership and perception of the robot. While both groups had similar baseline measures, we found that those with pets had decreasing Almere scores, indicating waning positive attitudes toward Paro and intention to use the robot (mean=-8.25). Alternatively, those without pets saw increasing scores (mean=10.33). This was a large effect (Hedges' g=1.10, p=0.099). Those without pets also tended to show stable or increasing Godspeed scores (4/4), while those with pets sometimes had markedly reduced scores from their baseline (2/6). This effect of pet ownership on change in Godspeed score was also large (Hedges' g=0.86, p=0.191). Our small sample size may likely be a reason these results failed to reach significance. Final Godspeed scores for anthropomorphism, animacy, likeability, and perceived intelligence were higher for those without pets (Figure 3) . Additionally, there was a significant difference between sensor-determined interaction related to pet ownership (p=0.014, Hedges' g=-1.87), based on sensor data results presented in the subsequent section, indicating that those without pets interacted with Paro more frequently. This result cannot be entirely explained by participants' living status, as there was no difference in perception of Paro, or interaction time with Paro, based on whether participants lived alone, though we note that most participants who had pets also had cohabitants. This points to consistent or possibly increasing interaction and intention to use over time for users without pets.
This may speak to Paro's ability to play a similar role as a pet in individuals' lives. "Pet speak" was very common in our study, comprising over 10% of coded excerpts in workshops 1 and 3. During the intervention, participants often likened Paro to a pet. One participant mentioned they had gotten a pet since the intervention (due to the intervention), and another was looking. This suggests that Paro is viewed most frequently as a pet, so may influence those without them differently.
Sensor captured interaction patterns 4.5.1 Interaction time
Participants interacted with Paro to varying degrees. As can be seen in Table 3 , P4, P9, and P10 had the lowest lev- els of interaction with Paro, according to sensor data. P1, P3, P6 and P8 had moderate levels of interaction. P5 and P7 interacted the most, interacting at consistently high levels throughout the day. As per section 3.3.3, activity was determined based on the presence of multiple simultaneous sensor readings from Paro's collar. Therefore, not all activity necessarily represents direct interaction with the robot. It is the percentage of the time in the given window that activity was registered. Due to sensor malfunction, P2's interaction level could not be determined.
Sensor determined interaction is in line with relative levels of self-reported interaction. There were three common patterns of self-reported interaction frequency. Low interaction represented less than 20 minutes per day or 1 hour per week (P4, P9, and P10). Medium interaction frequency occurred daily or nearly daily, for at least 30 minutes per day (1-2 hours most common) (P1, P3 and P8). High frequency of interaction occurred daily or nearly daily, for at least four hours a day (P2, P5, P6, and P7). P2, P5, P6, and P10 also reported occasionally sleeping with Paro, though they had been instructed not to do so for safety reasons. These patterns naturally emerged from the data and were therefore defined during analysis. During week 2, P10's reported interaction decreased from medium to low levels of interaction, and during week 4, P1's interaction exhibited the same decrease. These decreases are supported by sensor readings (see Figure 2 ).
Circadian patterns and intention to use
Sensor data allowed us to determine when participants interacted with Paro during the course of their day. Across all participants, interaction was most common in the afternoon and evening, though the percentage of time participants interacted during all hours varied considerably. Overall interaction was strongly correlated with changes in the Almere scale (Table 3) pre-post in-home intervention (0.73), even though changes in the Almere scale themselves were not significant (Table 2 ). However, there was an even stronger correlation between certain Circadian patterns of interaction and changes in the Almere scale. In particular, people who interacted with Paro more during the afternoon and evening hours had higher increases in Almere score, representing a greater increase in positive attitudes toward Paro and intention to use the robot (see Table 3 ). Additionally, we found that individuals with high levels of overnight use tended to be those with lower levels of baseline functioning as per the OQ45 (correlation = 0.58, p=.094).
In addition to the correlational analysis between Circadian interaction and changes in Almere scores, we also attempted to build a machine learning model to predict changes in Almere scores using various features as described in section 3.3.3. However, we had limited success, due to our small sample size. The RMSE of our predictions was not significantly different from the absolute standard deviation of changes in Almere scores, indicating that our model was performing at nearly chance levels. However, Circadian Rhythm interaction levels were the features identified as most important in this analysis (using the Relief-F algorithm), which supports the results of the correlation analysis.
Discussion
Designing SARs for in-home use
There are not many long-term in-home SAR studies, likely due to the challenges of conducting them. However, people use technology in the home differently than they do in institutions or communities, where there may be checks as to whether use guidelines are adhered to. In the home, participants are likely to use technology in ways that are not expected, and even in ways that are proscribed against. In our study, this took the form of people sleeping with the robot and taking it outside the home. This suggests that either robots need to be designed to constrain this behavior when use occurs in home environments, or these behaviors should be observed and designed for, such that use in this way is safe, and that this additional use may present opportunities for therapy (e.g., sensors on the robot to collect sleep data, or use of the robot as a sleep aid).
The reasons participants interact with robots may also be different than in institutions. For instance, many participants in our study reported interacting out of guilt, as they were solely responsible for Paro. This is not typical in institutions. This may be partially due to bonding that may occur more strongly than in institutions. For instance, 8 of 10 participants named Paro and often said it was their friend or family member. This likely arises because Paro is theirs alone and they also spend much more time with it than they would in institutions. Some participants spent over 6 hours a day with Paro, excluding sleeping with it.
Additionally, personal robots in the home, as opposed to SARs in institutions, present more opportunities for one-on-one interaction, and therefore might need to have more diverse or complex behaviors, and present multiple functionalities. For many older adults, though companionship is highly valued, this function alone does not seem sufficient to spur them to incorporate the technology into their lives long-term. Companion robots need to have multiple functions for extended use in the home, and these abilities need to be situated in individuals' daily concerns. These functions might include the robot serving as a security system or allowing participants to contact the hospital or a designated contact (or automatic notification to therapists or a contact based on sensor data in some contexts). Even personalization needs to be designed in ways specific to the home and to this population, such that the robot spurring interaction automatically when it is low, which may be a trigger for some individuals, should be partially controlled by individual therapists. Identification of, and personalization to, unique behavioral patterns is also harder to do in institutions, where many participants may interact with the robot and each individual interacts less often than in homes. Understanding these differences by implementing emergent technologies in a situated environment is fundamental to ensuring safe and engaging interactions.
This speaks to the importance of placing technology in context to help finalize design. While older adults and clinicians were good at verbalizing what they wanted and needed in the initial workshops, in-home implementation allowed us to see how these requests could be implemented more specifically in relation to participants' everyday activities and experiences. It also revealed to participants new insights about desired robot characteristics, allowing them to give more specific feedback on how their ideas could be implemented. Ultimately, this process can support co-design.
As robots are typically time and cost intensive to produce, our study suggests placing "surrogate" technology in the home, even if it lacks many of the features mentioned as desirable, can help gain insight into which design features are most important and how to realize them. This is common in some design fields (known as technology probes) [62] but has not been implemented widely in social robot design. For instance, placing Paro in the home as a representative of companion robots more broadly, even though it wasn't equipped with all the features older adults deemed highly important, allowed us to see if these were really desirable during usage. While many requested features ultimately were, some were seen as less important (environment detection and home control) or undesired (as in the case of multi-person usage) after in-home implementation. This saves resources before needing to build a prototype more specific to the robot's use. This practice also clarifies how to implement requested features (for example, how to best utilize the robot as a security system), as they can be situated in how users would best use them in their daily lives and how they can integrate cohesively alongside other features.
Sensor data and robotics
As mentioned, though the information provided by wearable sensors was valuable, this did not work well for our population. Older adults often forgot to put the wearable on, found it difficult to clasp around their wrist, and were forced to be more active in the sensor collection routine. This makes sensors onboard the robot particularly desirable, as they can collect data passively and potentially use that data to update behaviorally. Sensors placed in the user's external environment that require little maintenance are useful in collecting data where the robot cannot or as a triangulation method (for example sleep and activity data). If this information can be fed to the robot directly, or to clinicians, it can ultimately result in clinically helpful changes in the robot's behavior, as desired by both clinicians and older adults. Of course, this data may also make the interaction more enjoyable for users by allowing the robot to learn and exhibit more complex and novel behavior, possibly causing them to spend more time with the robot and receive full benefits of its use.
Limitations
There are several limitations to our study. We had a low sample size, which limited the power of our statistical tests to detect significant effects. Participants also had additional opportunities for social interaction through regular contact with researchers, and our study did not have a control group to tease out the effect this had on feelings of loneliness and companionship versus the effects of the robot in particular. However, as participants specifically described ways in which they used Paro to alleviate feelings of loneliness and depressed mood, we believe our results are suggestive that pursuing this avenue of research is promising. To provide further support for our design suggestions, these changes would need to be made and the technology placed in users' homes, to determine if this improves positive attitudes and use. Furthermore, all our participants were female, which leaves open the question of whether our findings and design suggestions would generalize to male participants.
Conclusion
Conducting an initial series of workshops with older adults and clinical care staff provided a good representation of how a companion SAR might be designed to be useful for older adults with depression. However, long-term in-home use of Paro allowed both researchers and participants to see how requested features might be implemented in the specific context of user homes, where requests for functionality changed after use. It also made clearer how initially requested functionality by older adults and clinical care staff fit into the daily lives of older adults with depression. We found that companionship alone as a feature, while crucial, may not be enough to engage many older adults in long-term use. It is best if more practical functionality (e.g. ability to contact the hospital, offer appointment reminders) accompany the social companionship that the robot provides. Additionally, sensors embedded in the robot may present an easy and robust way to collect and relay information that is useful in clinical care to therapists, allow the robot to adapt, and allow individuals to be more active participants in their own health and behavior management. In our study, sensor-determined interaction levels were in line with relative levels of selfreported interaction, and sensor data allowed us to determine precisely when interaction occurred for each individual. Afternoon and evening interaction had the highest correlation with positive changes in attitude toward the robot and intention to use the technology. Additionally, we found that those without pets interacted with Paro significantly more than those with pets, and survey data showed they had more positive attitudes toward the SAR. This suggests that older adults with depression who do not have pets might be a particularly relevant population for further research on in-home use of pet-like SARs.
